By combining a bioinformatics tool (FamDBTool) and the expertise of a network of calcium binding proteins specialists (European Calcium Society), we aim to accelerate and to rationalize the curation of the public general biological database such as Swissprot and Entrez Gene with respect to specific protein families. In this paper, we show the feasibility of such rationale in order to set and to curate the human, mouse and rat sets of EF-Hand genes, the EF-Handome. D
Introduction
Calcium is one of the most important second messengers in eukaryotic cells, and probably also in prokaryotic cells [1, 2] . Upon cellular stimulation, the cytosolic calcium concentration undergoes either a transient increase or a set of calcium oscillations. In order to decipher such calcium signals, the cell possesses calciumbinding proteins that are able to detect either a transient increase in the calcium concentration amplitude or a frequency type signal [3] .
EF-hand proteins represent the most abundant family of such eukaryotic calcium binding proteins [4, 5] . These proteins evolve from an ancestral domain of 36 amino acids composed of two alpha helical domains and one calcium-binding loop. More than 200 genes coding for proteins containing at least one EF-hand domain are found in the human genome. Most of these genes present orthologs in mouse and rat. The proteins coded by these genes are divided in several subfamilies based on sequence similarities.
One of the largest subfamily is constituted by the S100 proteins (see http://www.unizh.ch/~kispi/clinchem/calzium/ index.html). Although several EF-hand databases exist (http://www.structbio.vanderbilt.edu/cabp _ database/), it is difficult to obtain all the curated information in one unique location. In order to fulfill this aim, we have developed a new bioinformatics tool, FamDBtool, that allows us to create an individual database for a given protein family. This tool will be described elsewhere and can be obtained upon request. We have used this tool to build an EF-hand protein database (the EF-Handome) [6] that collects the human, mouse and rat genes. This database is used as a working tool among the members of the European Calcium Society (ECS) not only to allow a group of experts to help in the curation of the data from the public databases, but also to share information and resources. The database is accessible through the web server of the ECS (http:// www.ulb.ac.be/assoc/ecs/ or upon request to haiech@ pharma.u-strasbg.fr).
Building the database
The EF-Hand database is built from a list of Swissprot/TREMBL or RefSeq Identity numbers (Id list). Then, the information needed to fill the different tables and fields of the database is obtained from the main public databases. The collected information for each gene is presented in Fig. 1 .
The form is divided into four parts, namely (i) general information (locusId from the NCBI Entrez gene database, orthologous genes in mouse and rat and paralogous genes), (ii) gene information (contig description using the information from the UCSC Genome Bioinformatics Site http:// www.genome.ucsc.edu/index.html?org=Human & db=hg17 & hgsid=34709571), (iii) mRNA information from the RefSeq database and (iv) the protein information from the UNIPROT database. All information displayed in blue in the gene form is hyperlinked and allows the access to the primary database. Several tools have been implemented in order to curate the database and to check the coherency of the data.
Then the database is expanded by searching for genes that present similarities to the starting set of genes. The user prevents the integration of new genes in the database that are not biologically pertinent. Therefore, the database may be steadily increased upon user supervision.
The entire database or some specific genes are updated upon user request. Complete description of the database is described in the Master Thesis (FamDBTool, S. Moulhaye) that can be obtained upon request (haiech@pharma. u-strasbg.fr).
The EF-Hand database
The EF-Hand database contains 230 human genes, 180 mouse genes and 74 rat genes using the assembly hg17, mm5 and rn3 from the UCSC center. These differences are Fig. 1 . Gene form for the S100a3 human gene. correlated with the level of completion and annotations of the corresponding genomes. Table 1 summarizes the number of human EF-Hand genes by chromosome.
Three chromosomes present a higher number of EF-Hands genes than the others, namely chromosome 1, 2 and 15.
Some of the genes are located close together. We consider genes to form a cluster when the distance between them was less than 100,000 base pairs. Eight putative clusters were found. Table 2 presents the information on these clusters.
A putative cluster was considered as a real cluster when such a cluster also exists regarding the mouse ortholog genes. One cluster does not fulfill this rule (RYR1-ACTN4 on chromosome 19). The most important cluster is on chromosome 1 and all genes concerned are part of the S100 family. The family of human genes coding for proteins with a S100 like domain is composed of 29 genes; 23 of those genes are localized in chromosome 1. An excellent review has been published recently on this family [7] (Table 3) . Fig. 2 represents the localization of these genes on chromosome 1.
In fact, this cluster is composed of two subclusters:
! The S100A9 cluster from S100A1 to S100A9 genes on the dog chromosome 7, ! The S100A10 cluster starting from the loricrin gene to S100A10 localized on dog chromosome 17.
The cluster S100A10 contains the small proline-rich protein clusters involved in the keratinisation and cornification of the epidermis [8, 9] . The genes in this cluster (with the exception of S100A10 and S100A11) code for large proteins with repeated domains carrying the S100 specific EF-hand motif at the N-terminus. It is a matter of discussion to consider the S100 domains of those proteins as members of the S100 family.
The gap between the two clusters is smaller in human than in mouse and rat. A rat S100 gene localized in this gap has been cloned and does not present an ortholog with human or mouse gene (S100 ventral prostate, NM _ 176076). Fig. 3 compares these two clusters in human and mouse. 2544  42  2  243  1772  19  3  199  1406  11  4  191  1036  9  5  181  1233  9  6  170  1247  10  7  158  1383  12  8  146  942  4  9  136  1100  5  10  135  1003  4  11  134  1692  9  12  132  1278  6  13  113  506  1  14  105  1168  5  15  100  895  13  16  90  1107  8  17  81  1421  6  18  76  396  3  19  63  1621  12  20  63  724  6  21  46  355  2  22  49  707  3  X  153  1149  7  Y  50  251  1 In the cluster S100A9, the human S100A7 gene family is composed of at least four members (S100A7, S100A7L3, S100A7L2 and S100A7L1 also named S100A15) [10] . From Fig. 3 , the S100A9 gene cluster appears to be arranged into four groups:
! the S100A9, 12 and 8 group, ! the S100A7 group, ! the S100A3, A4, A5, A6 group. It is possible that the human S100A2 belongs to this group although we did not find an orthologous gene in mouse or rat genome, ! the S100A1, S100A13, A14, A16 group [11] .
We may hypothesize that the genes belonging to a specific group present a coordinated expression profile. We have checked this point by the use of the database GEO (http://www.ncbi.nlm.nih.gov/geo/). The Gene Expression Omnibus is a high-throughput gene expression repository [12] .
The S100A7 subcluster does not seem to exist in the mouse genome. Either we miss a 100-kb piece of the mouse genome in this region or this cluster has been eliminated from the mouse genome.
Conclusions
Today, we are overwhelmed by an avalanche of biological data. Those data are often noisy and, therefore, difficult to analyze. It is of paramount importance to curate them. Whereas it is difficult to do this cleaning on a general basis, it has been shown that a network of experts may ease this curation when focusing on a specific class of proteins. 2 . Localization of the S100A9 and S100A10 gene clusters on human chromosome 1, mouse chromosome 3, rat chromosome 2 and dog chromosome 17 and 7.
By creating a simple bioinformatics tool that allows to focus on a family of genes, in our case the calcium binding proteins, and by using this tool to synergize the expertise of the specialists in a given scientific field, in our case the members of the European Calcium Society, we believe that this will help to curate the more generalized and public databases.
